The aim of this study was to assess diagnostic and prognostic value of mid-regional pro-atrial natriuretic peptide (MRproANP) and adrenomedullin (MR-proADM) for the evaluation of patients presenting to the emergency department with acute dyspnoea.
Introduction
Among patients attending the emergency department (ED) with acute dyspnoea, a wide range of diagnostic possibilities are possible, each with its own specific prognosis; of the causes of acute dyspnoea in the ED setting, acutely decompensated heart failure (ADHF) represents a particularly important diagnosis given poor short-and longer-term post-discharge survival rates. 1 To improve security of both ADHF diagnosis and prognostic assessment in dyspnoeic patients, the use of biomarkers has grown, with B-type natriuretic peptide (BNP) and its amino-terminal pro-B-type natriuretic peptide (NT-proBNP) having a prominent place in guideline statements. 2 Beyond BNP and NT-proBNP, a wide array of newer biomarkers has been proposed for use in acutely dyspnoeic patients; because of this burgeoning range of choices, position statements call for thorough evaluation of novel biomarkers, suggesting such markers demonstrate at least comparable diagnostic or prognostic value over currently available assays to establish clinical utility. 3 Recently, assays for the detection of mid-regional pro-atrial natriuretic peptide (MR-proANP) and mid-regional pro-adrenomedullin (MR-proADM; a fragment of adrenomedullin 4 ) have been developed. Mid-regional pro-atrial natriuretic peptide has been shown to have potential diagnostic and prognostic utility in ADHF, comparable with other natriuretic peptides, 5 while MR-proADM was recently reported to be additively prognostic to BNP and NT-proBNP in acute dyspnoea. 5, 6 Nonetheless, while early results suggest potential value of MR-proANP and/or MR-proADM for the evaluation of patients with acute dyspnoea, considerably more data are necessary before either would be considered validated.
Here, we report the results of MR-proANP and MR-proADM for the diagnostic and prognostic evaluation of dyspnoeic patients (with and without ADHF) in the Pro-BNP Investigation of Acute Dyspnoea in the Emergency Department (PRIDE) study.
Methods

Patient population
The design and main results of the PRIDE study are described elsewhere. 7 Patients were followed for vital status at 4 years; the follow-up for outcomes was available in 100% of the present cohort. 8 For the purposes of this study, 560 subjects had available samples for the analysis of MR-proANP (180 with ADHF), and 565 had sample available for MR-proADM.
Biomarker assessment
NT-proBNP was measured on a Roche Elecsys 2010 platform (Roche Diagnostics, Indianapolis, IN, USA), with routine coefficient of variation (CV) ,5%. Both MR-proANP and MR-proADM were measured on a Kryptor platform (Thermo-Fisher, BRAHMS, Germany). The CV for MR-proANP was ,6.5%; for MR-proADM, the CV was variable based on detected concentration (,6% for 6 nmol/L and higher; between 6 and 11% for concentrations 0.5-6 nmol/L). For prognosis analyses, results for both estimated glomerular filtration rate (eGFR, utilizing the simplified modification of diet in renal disease equation) and galectin-3 (a macrophage-derived biomarker reflective of cardiovascular fibrosis) were included. 9 
Correlations
Given non-normality, correlations between NT-proBNP and both MR-proANP and MR-proADM were performed using the Spearman correlation.
Mid-regional pro-atrial natriuretic peptide and mid-regional pro-adrenomedullin in the diagnosis of acutely decompensated heart failure
To evaluate the diagnostic value of MR-proANP and MR-proADM for identifying patients given a gold-standard diagnosis of ADHF, operating characteristics of both for diagnosis were evaluated using receiver operator curve analyses [ROC, with area under the curve (AUC) determination] and compared with NT-proBNP.
Following, concentrations of MR-proANP in those with and without ADHF were compared using the Wilcoxon rank sum test; for those with ADHF, concentrations were also expressed as a function of the New York Heart Association (NYHA) symptom severity classification.
The performance of MR-proANP to identify ADHF was then evaluated using age-adjusted cut-offs [≥104 pmol/L (for age ,65 years) and ≥214 pmol/L for age ≥65 years] 5 and compared with age-adjusted thresholds for NT-proBNP-based ADHF diagnosis, 10 with odds ratio and 95% confidence intervals (CI) generated. A second value for MR-proANP to exclude (or ''rule out'') ADHF was determined to maximize negative predictive value (NPV), constrained by at least 25% of the overall population in the rule-out group defined by this cut-off.
To identify whether MR-proANP was an independent predictor of the final ADHF diagnosis compared with other variables, a multivariable logistic regression model was constructed using covariates previously found to be significantly associated with HF diagnosis from this cohort 7 and fitted with results for MR-proANP. Furthermore, to further test the hypothesis that MR-proANP improves diagnosis of ADHF beyond NT-proBNP, we calculated reclassification statistics for the diagnosis of ADHF and improved model discrimination (using ROC analysis) when MR-proANP was added to a model containing NT-proBNP. Net reclassification improvement (NRI) was calculated using the category-free (or continuous) approach 11 with 999 bootstrap replications to estimate the 95% CI.
As the accuracy of both BNP and NT-proBNP has been questioned in specific subgroups such as those with grey zone values, 12 the elderly, those with atrial fibrillation, obese patients, and those with renal failure, we specifically examined the diagnostic performance of MR-proANP in such subjects.
Prognostic value of mid-regional pro-atrial natriuretic peptide and mid-regional pro-adrenomedullin in prognosis in acute dyspnoea
Time-dependent AUC analyses were performed to assess the ability of MR-proANP and MR-proADM to discriminate mortality at various time points after index hospitalization (30, 90 days, 1, 4 years). From the ROC curves, optimal cut-points for prognosis were identified, and used to examine the prognostic value of MR-proANP and MR-proADM at 1 and 4 years. Both biomarkers were added to multivariate Cox proportional hazards models containing covariates already known to predict death at each point, as previously described. 8, 13 Hazard ratio (HR) and 95% CI were generated. In these analyses, MR-proANP and MR-proADM were entered as dichotomous variables, using the ROC-optimal value for each; following, we then entered NT-proBNP, in order to evaluate the individual or additive value of the novel markers for prognosis. C-statistics for Cox models with and without the novel markers were also calculated and compared using the likelihood ratio test. Net reclassification improvement was calculated using the category-free approach 11 as above. Kaplan-Meier curves for survival at different time points were constructed and compared using the log-rank test, with MR-proANP and MR-proADM considered separately and in composite; in composite modelling, we once again examined the merits of various combinations of MR-proANP and MR-proADM. We then calculated the HR and 95% CI using the first category as referent. Following, we examined the change in C-statistic from adding the combination of markers, as well as NRI, as described above.
Finally, we performed a subgroup survival analysis of those with ADHF using the same methods as we did for the entire dyspnoeic population. SAS version 9.2 (Cury, NC, USA) or R version 2.5.1 (http://www. r-project.org, library Design, Hmisc, ROCR) were used for analysis. All P-values are two-sided, with a value ,0.05 considered significant.
Results
Baseline patient characteristics
The baseline clinical characteristics for patients stratified by the final diagnosis of ADHF vs. non-ADHF cause of dyspnoea are demonstrated in Table 1 .
Correlations between mid-regional peptides and amino-terminal pro-B type natriuretic peptide Mid-regional peptides in acutely decompensated heart failure diagnosis
For the diagnosis of ADHF, MR-proANP had an AUC of 0.90 (95% CI ¼ 0.87-0.93; P , 0.001), which was lower than NT-proBNP (AUC ¼ 0.94, 95% CI ¼ 0.92-0.96; P , 0.001; P ¼ 0.001 for difference). Mid-regional pro-adrenomedullin had an AUC of 0.80 for ADHF (95% CI ¼ 0.77 -0.84; P , 0.001), significantly lower than either MR-proADM or NT-proBNP (both P , 0.001); accordingly, we focused on MR-proANP for subsequent diagnosis analyses.
Patients with a final diagnosis of ADHF had significantly higher MR-proANP concentrations, compared with those without [329 (100 -558) vs. 58 (33 -112) pmol/L; P , 0.001]. Additionally, worse NYHA symptom severity was associated with higher MR-proANP concentrations: class II ¼ 287 (226 -428) pmol/L, class III ¼ 303 (149 -343) pmol/L, and class IV ¼ 393 (234-640) pmol/L (P , 0.001 across categories).
Using an age-adjusted cut-point strategy to diagnose ADHF (age , 65 years ≥104 pmol/L; age ≥ 65 years ≥ 214 pmol/L), MR-proANP had a sensitivity of 82%, specificity of 86%, positive predictive value (PPV) of 73%, and a NPV of 91%. These operating characteristics differed somewhat with NT-proBNP at its own optimal cut-points (sensitivity 90%, specificity 84%, PPV of 88% and NPV of 66%; 10). An MR-proANP , 57 pmol/L had 97% NPV to exclude the diagnosis of ADHF, comparable with an NT-proBNP cut-point ,300 pg/mL. 14 The operating characteristics of MR-proANP for the diagnosis of ADHF were similar as in the overall cohort in the pre-specified subgroup of older subjects (see Supplementary material online, Table S1 ); on the other hand, the sensitivity of MR-proANP was reduced in patients with a grey zone NT-proBNP 12 and in those with a body mass index ≥30 kg/m 2 . Atrial fibrillation and eGFR ≤60 mL/min/1.73 m 2 both reduced specificity.
In multivariate logistic regression models with and without NT-proBNP, an elevated age-adjusted MR-proANP was an independent predictor of a final diagnosis of ADHF ( Table 2) . When MR-proANP was added to a model containing NT-proBNP for the diagnosis of ADHF, there was a significant improvement in the AUC of 0.044 (P , 0.001), and led to reclassification of 63% of patients with ADHF and 72% of patients without (total NRI 135%, 95% CI ¼ 1.22-1.48, P , 0.001).
Mid-regional pro-atrial natriuretic peptide and mid-regional pro-adrenomedullin as prognostic markers for patients presenting with acute dyspnoea Elevated NT-proBNP was defined as ≥450 pg/mL for age , 50 years, ≥900 pg/mL for ages 50 -75 years, and ≥1800 pg/mL for age .75 years.
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mortality across the initial year from enrolment ( Figure 1A) , while after 1 year, both NT-proBNP and MR-proANP discriminated mortality better than MR-proADM ( Figure 1B) . The estimated glomerular filtration rate showed strong ability to predict risk early on after presentation, but this value waned over time, while galectin-3 showed consistently lower AUC across the entire time horizon. Base models for death at 1 year containing NT-proBNP had a C-statistic of 0.760; the addition of MR-proANP results resulted in significant improvement in the C-statistic to 0.774 (P ¼ 0.02). In a similar fashion, addition of MR-proADM considerably increased the C-statistic to 0.792 (P , 0.001). In a multivariate Cox proportional hazards model that included previously described variables predictive of death at 1 year in the PRIDE, 13 at optimal cut-points, both MR-proANP (HR ¼ 2.99; P , 0.001) and MR-proADM (HR ¼ 2.70; P , 0.001) were predictive of death (see Supplementary material online, Table S2 ) and reclassified risk (see Supplementary material online, Table S3 ).
At 4 years, base models containing NT-proBNP had a C-statistic of 0.776; addition of MR-proANP and MR-proADM to this model resulted in significant improvement in the C-statistic to 0.796 (P , 0.001). In a multivariate Cox proportional hazards model that included previously described variables predictive of death at 4 years in the PRIDE, 8 both MR-proANP (HR ¼ 3.12, 95% CI ¼ 1.85 -5.27; P , 0.001) and MR-proADM (HR ¼ 1.51, 95% CI ¼ 1.03 -2.20; P ¼ 0.03) were predictive of death (Table 3) . Moreover, addition of NT-proBNP results to the model did not attenuate the predictive value of MR-proANP or MR-proADM at 4 years ( Table 3) . We then calculated continuous NRI for a model containing MR-proADM and MR-proANP on the top of our previously established clinical risk model for death at 4 years. A model containing both mid-regional peptides in addition to NT-proBNP had a continuous NRI of 75% (95% CI ¼ 60 -93%; P , 0.0001), driven by correct reclassification of mortality in 22% (P ¼ 0.004) and survival in 53% (P , 0.0001; Table 4A ). These results were similar to models without NT-proBNP at 4 years ( Table 4B) .
In Kaplan -Meier analysis for survival based on ROC-determined cut-offs for both biomarkers, patients with above-cut-off concentrations of both MR-proANP and MR-proADM had dramatically reduced survival for patients with acute dyspnoea (Figure 2) . Left censoring of the data for MR-proADM beginning at 1 year showed persistent divergence of the Kaplan -Meier curves (P , 0.001).
Given the independent value of both MR-proANP and MRproADM for prognosis, we examined their additive value to predict risk. There was significant divergence of Kaplan -Meier curves out to 4 years, particularly in those with both peptides elevated ( Figure 3 ). Given this, we constructed multivariable Cox models that examined the combination of 'both markers low'', 'one marker elevated'', and 'both markers elevated'' to examine the incremental risk predicted by these combinations. Compared with the risk of both markers low (referent), one elevated marker predicted intermediate risk (HR ¼ 2.82, 95% CI ¼ 1.76-4.54; P , 0.001), and with both markers elevated, the highest risk was observed (HR ¼ 6.07, 95% CI ¼ 3.84 -9.60; P , 0.001). Adding the information of multimarker testing on the top of clinical variables increased the C-statistic from 0.74 to 0.79 (P , 0.001), and considering patients with this multimarker approach considerably improved the continuous NRI (86%; due to correct reclassification of events by 31% and correct reclassification of non-events by 55%).
Mid-regional pro-atrial natriuretic peptide and mid-regional pro-adrenomedullin as prognostic markers for patients presenting with acutely decompensated heart failure The 180 ADHF patients with both MR-proANP and MR-proADM results were studied in a similar fashion as the entire cohort, with comparable prognostic importance as in the cohort as a whole (see Supplementary material online, Figures S1 and S2) . 
Mid-regional peptides in acute dyspnoea
Discussion
In patients with acute dyspnoea, establishing an early and certain cause for the presence or absence of ADHF is crucially important, while establishing severity of presentation and ascertainment of risk stratification may be useful for treatment decision-making and planning early follow-up; such risk assessment is recommended by clinical practice guidelines. 2 In the present study, we found MR-proANP to be accurate for the identification or exclusion of ADHF in dyspnoeic patients. Intriguingly, addition of MR-proANP results to NT-proBNP improved diagnostic accuracy by correctly reclassifying patients with and without ADHF. In addition, results from both MR-proANP and MR-proADM (the latter secreted by a variety of organs in response to oxidative stress and tissue hypoxia) were independent predictors of short-to longer-term prognosis in patients with acute dyspnoea with or without ADHF. Measurement of both MR-proANP and MR-proADM reclassified risk individually, with their conjoint measurement adding even more reclassification. Our analysis-performed with a rigour recommended by current standards Table 4 Reclassification analyses for a model containing mid-regional pro-atrial natriuretic peptide and mid-regional pro-adrenomedullin in addition to a clinical risk model with (A) and without (B) amino-terminal pro-B type natriuretic peptide for death at 4 years, utilizing the continuous version of the net reclassification improvement approach MR-proANP and MR-proADM with NT-proBNP
All
Reclassified upwards In the largest published study of MR-proANP in undifferentiated dyspnoea [the Biomarkers in Acute Heart Failure (BACH) study], 5 An MR-proANP was independently predictive of a diagnosis of ADHF beyond BNP concentration. Utilizing age-adjusted cut-offs, we found that MR-proANP had a lower sensitivity but a higher specificity and PPV, compared with the results in BACH. Interestingly, even in the context of NT-proBNP results, MR-proANP remained independently predictive of ADHF. It is intriguing that two natriuretic peptides from separate methods of synthesis and sites of origin (ANP is synthesized mainly in the atrium and stored as granules, while BNP is synthesized and released de novo mainly in the ventricles) add independent diagnostic information for diagnosis and raise the possibility that these two classes of peptides may occasionally impart different clinical information.
In BACH, it was suggested that MR-proANP might assist in clarifying diagnostic uncertainty in the context of areas of vulnerability for BNPs, such as with grey zone results, 12 obesity, or in patients with impaired renal function. Our results do not support this Figure 2 Kaplan-Meier survival curves for patients with acute dyspnoea with follow-up to 4 years for (A) mid-regional pro-atrial natriuretic peptide and (B) mid-regional pro-adrenomedullin.
Mid-regional peptides in acute dyspnoea contention, however. Importantly, the effects of atrial fibrillation were particularly negative on MR-proANP; given the primarily atrial site for MR-proANP synthesis, it seems plausible that arrhythmias arising in the atrium may lead to excessive release of ANP, independent of ADHF status. Indeed, intense ANP-mediated diuresis following termination of supraventricular tachyarrhythmia has been described. 14 Clinicians should be aware that while MR-proANP has generally similar vulnerabilities as NT-proBNP, the effects of atrial fibrillation are particularly significant on MR-proANP. The prognostic value of both MR-proANP and MR-proADM was substantial in our analysis, and our results considerably extend the findings of the BACH study, which followed patients out to 90 days. Short-term prognostic value is probably most impactful from a decision-making perspective; however, the longer-term data provided in our analysis are certainly novel, extending well beyond current time horizons studied for these markers, and suggest that the combination of MR-proADM together with a natriuretic peptide would be expected to provide important information regarding risk in acute dyspnoea across short, intermediate, and longer term. Our data do not inform whether the measurement of MR-proANP or MR-proADM may be used for therapeutic monitoring or guidance; given their prognostic value, MR-proADM and MR-proANP should now be scrutinized for this application as has been done for NT-proBNP. 15 As clinicians have numerous biomarker tools to evaluate risk, our results are informative; in PRIDE, the information afforded from the combination of a natriuretic peptide and MR-proADM was above and beyond renal function assessment or galectin-3. The latter, a biomarker of fibrosis was found in a prior study from this data set to be additively prognostic to natriuretic peptides for risk stratification; 9 in the present analysis, galectin-3 did not remain in the model in the presence of MR-proADM, suggesting MR-proADM to be superior for risk assessment in PRIDE. Our study has several limitations. Our hazard modelling at 30 and 90 days was insufficiently powered, and thus hypothesis generating. However, the relationships we observed in the short term were largely consistent with other time points. We did not examine relationships between cardiac structure and function and MR-proADM or MR-proANP, although such analyses are planned. We do not have serial biomarker measurements, such as following ADHF treatment, which should be considered an important study to follow analyses such as ours and the BACH study, which focused on baseline values only. This limitation not withstanding, the biorepository from the PRIDE study is well-recognized for the evaluation of novel biomarkers in acute dyspnoea and ADHF.
In conclusion, we found firm evidence of diagnostic value for MR-proANP, and prognostic value for both MR-proANP and MR-proADM in patients with acute dyspnoea. Future work studying the relationships between these mid-regional pro-peptide fragments and cardiac structure and function, as well as studies of their value for biomarker-guided HF therapy is planned.
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